GABA(A) receptors as molecular sites of ethanol action. Direct or indirect actions?
Despite the fact that ethanol is one of the most widely used psychoactive agents, the mechanisms and sites of action by which it modifies brain functions are only now being elucidated. Studies over the last decade have shown that ethanol can specifically alter the function of several ligand-activated ion channels including N-methyl-D-aspartate (NMDA), serotonin (5-HT(3)), glycine and GABA(A) receptors. After several years of extensive research in this field, the resolution of what, where and how ethanol modifies GABA(A) receptors continues to be controversial. For example, after demonstrating that ethanol was able to alter Cl(-) flux in synaptoneurosomes and cultured neurons, several electrophysiological studies were unable to show enhancement of the GABA(A) receptor current in single neurons. The lack of positive results with low ethanol concentrations was interpreted as being due to receptor heterogeneity and differences in intracellular modulation by protein kinases and calcium. The existence of high receptor heterogeneity with respect to ethanol sensitivity has been supported by studies done in a variety of cell types which showed that ethanol potentiated some, but not other neurons. Adding to this complexity, it was shown that while some hippocampal GABA(A) receptors can be affected by ethanol concentrations between 1 and 100 mM, others are only sensitive to concentrations above 200 mM. The curve of the relationship between low ethanol concentrations and current enhancement suggests a high degree of complexity in the molecular interaction because of its steepness and "inverted" U shape. Similarly, the effects of ethanol on GABA(A) receptors seems much more complex than those of benzodiazepines, barbiturates and neurosteroids. The major problem encountered in advancing understanding of the mechanism of ethanol action in native neuronal receptors has been the large variability detected in ethanol sensitivity. For example, several studies have shown that only some groups of neurons are sensitive to pharmacologically relevant concentrations of ethanol (1-100 mM). This receptor sensitivity variability has not been resolved using recombinant expression systems. For example, studies performed in recombinant receptors, although important for elucidating molecular requirements, have shown that they are less sensitive to ethanol suggesting that neuronal substrates are important for ethanol actions. In this review, we discuss the possibility that ethanol's action on the GABA(A) receptor may not be due solely to a direct interaction with the receptor protein, but that its effects could also be modulated by intracellular regulation, and that this latter effect is the more physiologically relevant one. Data in cortical and hippocampal neurons suggest that ethanol action on the receptor is labile, and that it also depends on repetitive stimulation and neuron integrity. In addition, the action of ethanol can be modified by activation of protein kinases and neuronal development. Finally, we discuss that the best approach for studying the interaction between the receptor and ethanol is through the combined use of recombinant receptors and overexpression in neurons.